(Received for publication September 3, 1931) In previous studies (1, 2, 3), the effects on the composition of the blood of the introduction of fluids intravenously have been determined on normal animals and on animals in which a decline in blood pressure had been produced by a variety of means. Another method frequently employed by which fluids may be introduced consists of injection into the subcutaneous tissues. For this purpose, normal salt solution is used most often. The present studies were undertaken in order to determine the effects on the composition of the blood of the subcutaneous injection of normal salt solution into normal dogs and into dogs in which a decline in blood pressure was produced by several different methods. Also we were interested in determining how much of the fluid that was placed in the tissues was absorbed into the general circulation. For this reason all of the fluid was injected into the tissues of one posterior extremity, groin and flank. At the completion of the experiments, the difference in the weights of the two posterior portions of the body was determined.
METHODS
Dogs were used in all experiments. Morphine sulphate was employed as an anesthetic in all experiments except those in which the intestines were traumatized. Sodium barbital was used in these. The animals gave no evidence of pain during the course of the experiments. The blood pressure was determined by placing a cannula that was connected to a mercury manometer into the carotid artery. Specimens of blood for the various analyses were obtained from the femoral vein of the extremity into which no fluid was injected and this blood was replaced by an equal amount obtained from a normal dog.
Four different types of experiments were performed. In all of these, following the replacement of the blood which was removed in order to determine the blood volume, hemoglobin, hematocrit, total protein, albumin and globulin, normal salt solution was injected continuously into the tissues of one of the posterior extremities, groin and flank. It was given at body temperature at the rate of 10 cc. per kilogram of body weight per hour for four hours. Samples of blood for the various analyses were obtained one and two and one-half hours BLOOD CHANGES WITH COMBINED CONDlTIONS following the beginning of the injection and at its completion. Further samples were obtained after intervals of one and one-half and three hours. The animals were then killed and the difference in the weights of the two posterior portions of the body was determined. In the first group of experiments, the effects on the composition of the blood of the introduction of fluids into the subcutaneous tissues of normal animals were studied. In the second group, after making a midline abdominal incision, the intestines were traumatized during the four hours while fluid was being injected by gently passing them between the fingers. At the end of this time, the incision was closed, and two further series of determinations were performed during the following three hours. In the third group of experiments, the effects of graded hemorrhages at the same time that fluid was being introduced subcutaneously were studied. As (6) . The Gunning (7) modification of the Kjeldahl method was employed for determining the albumin and total protein nitrogen of the serum. The total nitrogen of the urine was also determined by this method. In all the tables the nitrogen is expressed as protein. The figures for the entire or absolute amounts of protein were obtained by multiplying the percentage of protein per unit volume of serum by the total amount of plasma in the blood stream. In the experiments on hemorrhage, the figures in brackets represent the addition of the total protein, albumin and globulin that were removed at the time of the bleedings to the calculated absolute amounts of each that remained in the blood stream. Analyses were performed on the blood that was injected in order to replace that removed for the various determinations. The differences between the blood removed and that injected were ignored in the calculations. This introduced very little error.
The method (8) by which the posterior part of the body was divided into two parts was as follows. An abdominal incision was made in the midline line. The symphysis pubis was divided with a saw. The bladder and rectum were removed. The abdominal aorta and vena cava were doubly ligated and divided. The iliac vessels were clamped. A transverse abdominal incision was made at approximately the level of the umbilicus. This was extended through the vertebral column and the front part of the body was discarded. Using a knife and a saw, the structures on either side of the vertebral column of the posterior part were divided in a longitudinal direction. This resulted in a separation of the spinal column and tail from the two posterior portions of the body. The difference in the weight of the part into which fluid had been injected and the opposite part was determined.
RESULTS

The effects of the subcutaneous injection of normal salt solution
Three experiments were performed in which the effects on the composition of the blood of the subcutaneous injection of normal salt solution were determined. The blood pressure remained at approximately the control level in all of the experiments. There was usually a slight diminution in the concentration of red blood cells, and in the percentage of hemoglobin. There was a slight but definite increase in the volume of plasma in all experiments. The alterations in the percentages of total protein, albumin and globulin in the blood serum were very minor. There was an increase in the absolute amounts of total protein, albumin and globulin in the blood plasma in all experiments. Determinations of the difference in the weights of the two posterior extremities in the three experiments indicated that 29 per cent of the fluid that was injected was absorbed into the general circulation. The results of these experiments are given in Table I Table III. 4. The effects of the subcutaneous injection of histamine and of normal salt solution A marked decline in the blood pressure was produced in the three experiments in which the effects of the subcutaneous injection of histamine and salt solution were studied. The blood pressure rose after the injections were terminated. There were marked increases in the concentration of the red blood cells and in the percentage of hemoglobin. There was a rather large diminution in the volume of plasma in the blood stream. The content of the blood serum in total protein, albumin and globulin altered very little. However, due to the loss of plasma, there was a great decrease in the absolute amounts of total protein, albumin and globulin. The difference in weight of the posterior extremities in the three experiments indicated that approximately 22 per cent of the fluid that was injected was absorbed. The results of these experiments are given in Table IV . DISCUSSION The significant alterations that accompanied the subcutaneous injection of salt solution into normal dogs consisted of a slight increase in the volume of plasma and in the absolute amount of plasma protein. The findings differ in the main from those previously reported (2) in which the fluid was given intravenously to normal dogs in that an appreciable decrease in the percentage of protein in the blood serum was not encountered in the present experiments. Less than one-third of the fluid that was injected was absorbed and the greater part of this could be accounted for by the urine that was passed.
The findings in the experiments in which the intestines were traumatized and those in which histamine was injected were quite similar. In each there was an increase in the concentration of the red blood cells, an increase in the percentage of hemoglobin, a decrease in the volume of plasma, very little alteration in the percentage of the protein constituents in the blood serum and a marked decrease in the absolute amounts of each. The proportion of the fluid that was absorbed was approximately the same in the two types of experiments. The percentage of fluid that was absorbed was less with these animals than with the normal ones. Similar experiments (1, 3) previously performed in which fluids were introduced intravenously instead of subcutaneously showed a decrease in the concentration of the protein constituents in the blood serum but otherwise essentially the same findings. It seemed to require more trauma to produce a given decline in the blood pressure when fluids were administered subcutaneously than was necessary in similar experiments in which no fluid was introduced.
In the studies on the effects of graded hemorrhages and the subcutaneous injection of normal salt solution, there was a decrease in the concentration of the red blood cells. The decrease was not quite as great as was usually found when the intravenous introduction of salt solution accompanied hemorrhage. The decrease in the plasma volume was not as great as the quantity of plasma removed. The decrease in the percentage of protein in the serum was less than was found when the fluid was given intravenously. If Possibly the subcutaneous injection of fluids would be of some assistance in maintaining the level in pressure until arrangements for a blood transfusion could be made. Certainly the subcutaneous injection of fluids will tend to prevent the drop in pressure following procedures that are frequently associated with a slow decline. SUMMARY The effects on the composition of the blood of the subcutaneous introduction of normal salt solution into dogs have been determined repeatedly under the following experimental conditions: (1) control studies on the injection alone, (2) trauma to the intestines, (3) the graded removal of blood and (4) the subcutaneous injection of histamine. The studies included determinations of the arterial pressure, the percentage of hemoglobin, the concentration of the red blood cells, the blood volume, the percentages of total protein, albumin and globulin in the blood serum and the volume of salt solution absorbed by the circulation.
The following are some of the results that were obtained. 1. In normal animals in which salt solution was injected under the skin, there was a slight increase in the volume of plasma, practically no alteration in the concentration and an increase in the absolute amounts of the protein constituents.
2. Trauma to the intestines and the subcutaneous injection of histamine were associated with a decrease in the volume of plasma, no definite change in the concentration of total protein, albumin and globulin and a marked decrease in the absolute amounts of the protein constituents. A smaller amount of the salt solution was absorbed by the circulation in these experiments than in the other ones.
3. The graded removal of blood was associated with a decrease in the concentration of the red blood cells, a slight diminution in the percentages of total protein, albumin and globulin in the blood serum, and an increase in the absolute amounts of the protein constituents if the amount of protein that was removed is included. 
